Shipwrecks are becoming increasingly popular and important attractions for recreational scuba divers. Divers' usage of these sites has the potential to cause a range of adverse impacts on their cultural heritage values. Impacts associated with recreational scuba diving include boat anchor and mooring damage, impairment of site integrity and stability, the effects of intentional and unintentional contacts with shipwrecks and artifacts, and divers' exhaled air bubbles coming into contact with shipwrecks.
Introduction
The greater availability, reliability and affordability of scuba equipment since the mid-1940s have made it increasingly easy for people to visit and interact with the marine environment (Dimmock 2007; . Today, recreational scuba diving is a popular activity and the recreational dive community is a large, active and mobile one (Edney 2006 , (Edney and Howard 2013) . Diver impacts can also combine with other anthropogenic and natural impacts, resulting in greater levels of damage to and degradation of these sites. Diver impacts are also impacts that managers are able to control, unlike natural events such as storms, and managing diver impacts can therefore be an important component of a heritage management strategy for a site. This paper outlines the causes and nature of potential recreational diver impacts on shipwrecks sites, and briefly describes a range of management strategies that can mitigate such impacts. It then presents a framework for managing diver impacts on historic shipwreck sites.
Diver impacts on shipwrecks
Diver impacts on shipwrecks have been described in detail by Edney (2006) . They can be grouped into four categories: boat anchor and mooring damage, impairment of site integrity and stability, effects of intentional and unintentional diver contacts with shipwrecks, and the effects of exhaled air bubbles coming into contact with shipwrecks. This section outlines the causes and nature of these impacts, and draws upon some specific examples from the AsiaPacific region. While the impacts outlined in this section are largely those associated with iron shipwrecks in marine environments, as these are most commonly dived by recreational divers, they are more broadly relevant to other types of underwater cultural heritage, including other types of shipwrecks and aircraft wrecks. The potential diver impacts on shipwrecks are summarized in Table 1 .
Boat anchor and mooring damage
Anchor damage is a major threat to shipwrecks. It is associated with a number of human activities, including recreational scuba diving. It is considered to cause a greater level of damage to shipwrecks than other types of diver impacts (NSW Heritage Office 2000) , and is arguably the most easily managed impact.
Boat anchor damage can occur when boat anchors and chains are dropped directly onto shipwrecks, an anchor is picked into a shipwreck, anchors and chains rub on and drag across shipwrecks, and when anchors are dragged onto and across shipwrecks to assist in locating them (Edney 2006) . Additionally, when an anchor is attached directly to a shipwreck, the force exerted by dive vessels pulling on the line can also cause significant damage to shipwrecks (NSW Heritage Office 2000) . Boat anchor and mooring damage results in protective marine growth and concretions being damaged and dislodged, which in turn accelerates corrosion and natural decay processes (Viduka 2011; MacLeod and Richards 2011; Jeffery 2012) .
One example of boat anchor damage known to be associated with recreational scuba diving include the breaking off the smokestack of the Fujikawa Maru at Chuuk, in the Federated States of Micronesia, after being hit by the anchor of a dive boat (Hezel and Graham 1997; Jeffery 2006) . Another example is significant physical damage and weakening of the superstructure of the SS Yongala in Australia (Illidge 1996; Viduka 2011; Cuthill 1998) .
Dive boats tying off to moorings that are secured to shipwrecks can cause similar impacts as boat anchors. Impacts from these mooring lines result from the force exerted by the dive vessel pulling on the mooring line, and damage to and removal of protective concretions and marine growth from the lines and chains dragging across and chaffing on shipwrecks. At Chuuk, moorings are often attached to masts, king posts, life boat davits, bollards, and various parts of the superstructure of the shipwrecks, and has resulted in observable damage to shipwrecks (Macleod 2006) . Such moorings are a common practice at many other shipwreck sites around the world.
Impairment of site integrity and stability
It was once common practice for divers to remove artifacts and fittings from shipwreck sites as personal mementos or souvenirs, as well as for profit (Edney 2006; Hosty 2006) . However, diver attitudes and behavior have changed substantially over the past 20-30 years, and there is now a growing appreciation and support for the protection of underwater cultural heritage by divers and dive operators. Today most divers do not remove artifacts from shipwrecks (Edney 2006; Hosty 2006; Nutley 2007) . It is now more common for divers to search for artifacts and to move them around. Indeed, McKinnon (2015) found the moving of artifacts around at underwater cultural heritage sites by divers in Saipan, in the Commonwealth of the Northern Mariana Islands, to be not only the most common diver impact but also the most damaging.
Divers use a range of different techniques to find and remove artifacts at shipwreck sites. In the past these have included the use of explosives to gain entry into shipwrecks, to break open concretions, or to dislodge artifacts, particularly large artifacts such as anchors and canons (Green 1995; Henderson 1986; Hosty 2006; Nutley and Smith 1992) ; the use of different excavation techniques, such as airlifts, water dredges (Hosty 2006) , propeller blasting and hand fanning; and, the use of various tools to remove artifacts and fittings from shipwrecks, such as hack saws, crow bars, and sledge, claw, ball and chipping hammers. Indeed, with the exception of the use of explosives and dredges, many of these techniques were included in wreck diver training programs in the 1980s (Edney 2011a ).
There are a number of reasons why divers may be motivated to remove and add artifacts and fittings from shipwrecks, or to move them around sites. First it may be that the item is highly desirable, or the item may simply be the type of artifact that is available. For example, ships' bells are highly sought after as souvenirs and are usually among the first things to be removed by divers. Second, artifacts may be moved because dive guides or divers seek to cluster them for a 'better' experience. For example, they may move artifacts to a more accessible location, or to locations with better lighting where they can be more easily viewed or photographed. The author has dived a large number of the shipwrecks and some of the aircraft wrecks at Chuuk, and has observed large artifact clusters on almost all of the wrecks, including inside the Shinkoku Maru on an operating table. The shipwrecks that are infrequently dived, such as the Oite and the Sapporo Maru, do not have large artifact clusters. Third, McKinnon (2015) posits that divers form some artifact clusters as an act of memorialization. This may particularly be the case when there are formal memorials at sites. For instance, at Chuuk there are notable artifact clusters around the commemorative plaques on the Fujikawa Maru and Aikoku Maru (Bailey 2000; Edney 2006) . Similarly, McKinnon (2015) , has documented artifact clusters around memorial monuments at some of the underwater cultural heritage sites in Saipan, and attributes this practice to memorialization. Divers are reported to have added a tea kettle, sake bottles and even a wooden stupa at these memorials. This bears marked similarities with terrestrial memorial sites in Saipan where objects such as origami peace cranes, food and incense are added to the site by visitors.
Fourth, artifacts may be moved and even concealed because dive guides seek to give other divers a better experience. Dive guides sometimes hide different artifacts on shipwrecks and bring them out to show to divers during dives, possibly to prevent the artifacts from being stolen (Hezel and Graham 1997; Jeffery 2006) , or so that the guide can show divers something unique. For example, in 2011, the author observed a dive guide pull a human skull from a place where it had been concealed on the Aikoku Maru in Chuuk. He showed the skull to the divers and then hid it again. Fifth, sometime artifacts may be moved prior to removing them from the site at a later time. It has, for example, been reported in Chuuk that in some instances artifacts are moved to be sorted or concealed for later removal (Hezel and Graham 1997; Jeffery 2007) .
Sixth, in the past, there was a certain amount of kudos associated with owning artifacts recovered from shipwrecks because of the perceived risk and danger associated with wreck diving, and the level of skill and knowledge required to recover the items. Seventh, some divers remove artifacts to retain a tangible reminder of their dive experience or their connection with the shipwreck and history (Edney 2006; Fielding 2003) . Finally, some divers consider that collecting and recovering artifacts results in better protection of artifacts than if left in-situ (Philippou 2004) , and although not as widely accepted now as it was in the past, there is also a perception amongst divers that if they do not take the artifacts somebody else will.
These examples of disturbance of, removal and addition of artifacts may be due to a lack of awareness of the impacts and their consequences (Edney 2011a) ; the personal motivation of divers to discover, touch, view and photograph artifacts and fittings; divers observing and copying the behavior of dive guides; lack of awareness of relevant legislation; deliberate noncompliance with legislation; and opportunities wherein the profit to be made from the activity outweighs the cost of sanctions (Smith and Anderson 2004; Edney 2006) . Searching for, disturbing and removing artifacts alter the equilibrium of the site. These activities can damage and remove protective coatings, concretions and marine growth from shipwrecks and their artifacts, accelerating their corrosion and leaving them exposed to other environmental decay processes, such as the effects of bio-decay and ultraviolet light. These practices can also destabilize sites and leave the shipwreck exposed and more susceptible to damage from natural events such as storms, and further dispersal (Jeffery 2006 (Jeffery , 2007 MacLeod and Richards 2011; Nutley 1987 Nutley , 1996 . Disturbance to artifacts also adversely impacts on site integrity and the archaeological and historical values of sites by altering the site context (Delgado 1988b; Look and Spennemann 1993; Nutley 1996; McKinnon 2015) . When artifacts are removed from sites, not only is their provenance lost due to poor or no documentation, but the artifacts themselves are often lost due to inappropriate, if any, conservation treatment (Nutley 1996; Philippou 2004) . Disturbance to and removal of artifacts diminishes their recreation values because divers are interested in seeing artifacts and fittings in place (Delgado 1988b; Edney 2006 Edney , 2012 Edney , 2011b Hosty 1987) , and can diminish the aesthetic values of a site considerably (Edney 2006) .
Intentional and unintentional contacts
Divers can make contact with shipwrecks with any part of their body, most commonly with their hands and knees, or their equipment. These contacts may be intentional or unintentional. Divers may unintentionally touch or hit shipwrecks with their fins or dive cylinders, or their gauges or other dangling equipment may drag across and catch on parts of shipwrecks (Edney 2006) .
Intentional diver contacts with shipwrecks include holding onto, standing, sitting, and kneeling on shipwrecks. These contacts usually occur when divers stop to rest, adjust equipment, and steady themselves to examine something more closely or pose for or take photographs. Intentional contacts also occur when divers use a technique known as 'hand pulling' to facilitate moving around a site, often in an effort to minimize silting (Edney 2006 (Edney , 2011a PADI 2007) . Another type of intentional contact occurs when divers clean up particular features of a shipwreck, such as using wire brushes and other tools to clean concretions and marine growth from the name of ships, or from manufacturer plates and serial numbers on machinery and guns. All of these impacts have been observed by the author on various shipwrecks at Chuuk.
Intentional contact also occurs when divers attach equipment, such as penetration lines, to shipwrecks. Finally, vandalism may also be considered an intentional impact. For example, McKinnon (2015) reported that graffiti has been etched into one of the wings and a gun turret of an Emily flying boat in Saipan, and the author has observed similar graffiti inside the bathroom of the Gosei Maru in Chuuk. The incidence of intentional contacts are likely to be higher if dive leaders make contact with shipwrecks, as divers are known to copy the behavior of guides and instructors (Howard 1999; Barker and Roberts 2004) .
Unintentional diver contacts with shipwrecks are primarily due to poor buoyancy control, poor or impaired motor skills, poor situational awareness and unsecured equipment. Poor buoyancy control is often due to inexperience and incorrect weighting (Edney 2006; Toyoshima and Nadaoka 2015) . There have been reports of mechanical damage to the shipwreck fabric and protective concretions after being hit by divers' equipment, particularly tanks and fins (Edney 2006) , and from other equipment dragging along and catching on shipwrecks.
Higher levels of impact on the marine environment have been reported from training dives (Polak and Shashar 2012; Zakai and Chadwick-Furman 2002) . It is also likely to result in higher levels of impact on shipwrecks, and has, for example, been reported as an impact on the Yongala in Australia. Consequently training dives are no longer permitted on the Yongala (Viduka 2011).
Sensory isolation (deprivation) can also result in higher incidence of unintentional contacts, for example, night diving was reported to have caused a greater number of unintentional contacts and higher levels of damage to concretions on the Susuki at Chuuk (MacLeod and Richards 2011). This is supported by studies of divers on reefs, where night diving has been shown to result in higher levels of contact with the substratum (Chung et al. 2013; Barker 2003) . Other instances of sensory isolation, such as during shipwreck penetration would also be expected to result in higher levels of unintentional contact. Another common cause of impaired motor skills is nitrogen narcosis (Edmonds et al. 1983 ).
Contact with shipwrecks by divers, whether intentional or unintentional, can damage and dislodge protective concretions and marine life, and accelerate natural corrosion and decay processes (Jewell 2004; MacLeod and Richards 2011) . The cumulative effects of many intentional and unintentional contacts by divers can markedly accelerate decay processes (Edney 2006) .
Exhaled air bubbles
Bubbles exhaled by divers using open circuit scuba can accelerate corrosion on shipwrecks when they come into contact with a shipwreck as a result of divers penetrating shipwrecks or swimming beneath parts of them (Jewell 2004; Viduka 2011; Jeffery 2006 Jeffery , 2007 . The effects of increased corrosion from divers exhaled air bubbles can be visible on shipwrecks that have high levels of use by of divers. These effects have been observed by the author on the SS President Coolidge in Vanuatu. Interestingly, although this impact has not been quantified, it is widely recognized and accepted by the recreational dive community as an impact of diving. It was also recognized by heritage managers of the Yongala, and is cited as one of the reasons for banning penetration dives on this shipwreck and attempts to prevent divers from swimming beneath the bow and stern (Viduka 2011) .
Management of diver impacts
There are a range of management strategies used by managers to prevent and mitigate diver impacts on shipwrecks. Essentially these fall into two categories, regulatory and nonregulatory. Most management strategies use a combination of both. This section briefly describes the various management actions and strategies used to manage diver impacts on historic shipwrecks, and are summarized at Table 2 . For a more detailed discussion of the management of diver impacts on shipwrecks see Edney (2006 Edney ( , 2011a .
Regulatory approaches

Laws
Today many jurisdictions have legislation in place to protect underwater cultural heritage, making it illegal to disturb and damage these sites, including removing artifacts without special approval (Edney 2006) . Having appropriate laws in place to protect sites is crucial because it provides a legal framework for managing historic shipwrecks. These laws can include provisions that regulate diver and other human impacts, such as access, anchoring and disturbance, and penalties or sanctions for breaching these provisions (Green 2004) . Legislation provides the policy framework required to prescribe rules applicable to underwater cultural heritage sites and set the framework for the various regulatory measures discussed below.
In order for legislation to be effective, it is essential that there is surveillance of sites and enforcement action when laws are breached (Clark 1985; Edney 2006; Hezel and Graham 1997; Read et al. 2011) . In marine environments the costs of surveillance and enforcement are high (Smith and Anderson 2004) and monitoring underwater sites can be difficult due to their location and their generally being out of sight of managers and the community (McKinnon 2015; Spennemann 2014, 2015) . Voluntary compliance is linked to perceptions of benefits and disadvantages, and this is particularly important where fear of being caught and prosecuted are low (Stern 2008) . Therefore, encouraging voluntary compliance is highly advantageous and it is important that managers understand the best ways to achieve voluntary compliance (Smith and Anderson 2004) .
One of the simplest ways to achieve higher levels of voluntary compliance is to explain both the reasons for the rules being in place, and to educate divers about the effects non-compliance has on the shipwreck (Sirakaya 1997; Lucas 1983; Gramann et al. 1995) . This means divers will be aware of the consequences non-compliance has to the cultural heritage values of the shipwreck, and also on their future enjoyment of the shipwreck as a dive site. This helps divers to understand why it is important to comply with rules.
Other key factors in achieving voluntary compliance are legitimacy and trust. Legitimacy refers to perceived procedural and distributional fairness. Perceptions of fairness are based on the fairness managers' exhibit when implementing rules and their discretionary powers. Honesty, quality of decisions, ethics, equitable treatment, representation, and respectful communication between manages and divers are all linked to perceptions of fairness, and in turn acceptance of the need for management controls (Hønneland 2000; Sunshine and Tyler 2003; Stern 2008) . Therefore, managers can achieve higher levels of voluntary compliance with legislation when both management and the rules are perceived to be fair, necessary, justifiable and legitimate (Read et al. 2011; Stern 2008; Smith and Anderson 2004) .
Restrictions on anchoring
An effective way to protect historic shipwrecks is to place restrictions on anchoring, because anchoring causes the greatest impact associated with recreational diving. Diving may be permitted at a site, but not anchoring, and anchoring is prohibited on many historic shipwrecks around the world, for example the Monitor in the United States. In other cases, anchoring may be conditionally permitted, as is the case in the United Kingdom, where a license is required to anchor on a protected wreck site (English Heritage 2010; Dunkley and James 2015) .
Even when anchoring has been banned at certain sites, anchor damage often continues to occur. Anchoring off-site is not favored by divers, and the safety of divers should be considered when implementing anchoring restrictions. Higher compliance with no anchoring restrictions is achieved when moorings are provided. For example, anchoring is prohibited on the Yongala in Australia, however, it continued to be a problem at the site. Moorings were installed to improve compliance with this requirement and proved successful (Viduka 2011 ).
Restrictions on access
There are certain situations where prohibiting access to sites or parts of sites may be appropriate, especially where other strategies to prevent diver impacts have not been effective and where the site in question is fragile, significant or culturally sensitive (Delgado 1988a) . In many places diving is not permitted on shipwrecks that are war graves. For example, in Australia diving is prohibited on the wreck of the I-124 Japanese submarine near Darwin because it is a war grave, and there is an 800 meter protection zone around the site ( 
Permit systems
Permits can be used to regulate the use of sites to prevent and manage diver impacts. Permits may stipulate behavior and restrict certain activities, such as not permitting training dives. They can also provide the opportunity for managers to set limits on the numbers of divers permitted on a site or limits on group size (Edney 2006) . Permit systems provide an opportunity for managers to collect visitation statistics and track who is using the site, and can also become a source of revenue for managers that can be used for managing the site.
Permits may be issued to individual divers and to dive operators. Permits issued to dive operators can require appropriate pre-dive briefings be given to divers, and may also prescribe the types of messages to be given. Permits could also require certain levels or types of dive certification, such as wreck diver certification, or a demonstrated level of skill competency to dive a shipwreck, for example in buoyancy control.
Dive operators require permits to conduct dives on the Yongala in Australia. These permits include a requirement to comply with a 'code of diving practices' that prohibits divers from penetrating the shipwreck and removal of artifacts, requires them to maintain buoyancy control and not touch the shipwreck, prohibits training being conducted at the site (Viduka 2011) . In the United Kingdom, permits are required to dive all designated protected wreck sites, such as the HMS Colossus, and contain conditions with which divers must comply (Dunkley and James 2015) . In the United States, divers require permits to dive on certain wrecks, for example, the Monitor (Office of National Marine Sanctuaries 2013). At Chuuk, divers are required to purchase a permit from the dive operators to dive the wrecks. However, these permits do not contain any conditions to manage diver impacts. The permit is simply an administrative requirement and a means of generating income. These permits have been estimated to have earn around US$ 90,000 annually in the past (Jeffery 2004a) , and more recently average around US$66,000 annually (Strong 2016) . This revenue is a potential source of funds that could be used for management programs for these wrecks.
Codes of conduct
Codes of conduct can assist in promoting responsible behavior at shipwreck sites and may be mandatory or voluntary. An example of a mandatory code of conduct is the minimum impact 'code of diving practice' that forms part of the permit required for diving the Yongala in Australia (Viduka 2011 ), referred to above.
Dive guides
Having a dive guide accompany divers underwater can be used to manage diver behavior. An example of where this is a legal requirement is at Chuuk, where all divers are required to be accompanied by a licensed dive guide when diving the wrecks (Hezel and Graham 1997) . The use of guides can be effective when guides demonstrate appropriate behavior, and intervene when they observe divers engaging in inappropriate behavior (Barker and Roberts 2004; Lindgren et al. 2008; Hammerton and Bucher 2015) .
Creation of marine protected areas
Marine protected areas may be established to protect underwater cultural heritage. There are various types of marine protected areas that apply to shipwrecks around the world, such as archaeological preserves, marine parks, marine sanctuaries, and shipwreck parks. Public access is generally permitted in these protected areas and visitor activities may be regulated. Interpretive programs and educational materials are often an important component of the management of these areas (Hannahs 2003; Scott-Ireton 2007) . Marine protected areas can afford another level of protection to underwater cultural heritage, even where there are heritage protection laws in place.
Non-regulatory approaches
There are a range of non-regulatory management approaches used by heritage managers to manage diver impacts in historic shipwrecks. This section discusses these approaches, and divides them into two categories. The first is education, which takes a variety of forms, and the second category deals with other types of approaches, i.e. artificial reef wrecks, sacrificial shipwrecks and rescue or salvage archaeology. These two categories of non-regulatory management approaches are used in the management framework presented below.
General education and public outreach
Legislation alone cannot achieve the protection of sites, and is most effective when combined with education (Nutley 1987; Scott-Ireton 2005) . Compliance with laws is highest when sanctions and education are used to support each other (Gramann et al. 1995) . Therefore, education is often used to support regulatory management approaches, and education may also be used as a stand-alone non-regulatory management measure. General education and public outreach can take various forms, such as information provided on websites, brochures, newsletters, articles in popular magazines, television shows, guest speaking at schools, clubs and community groups, and radio interviews.
Education has been demonstrated to be effective in reducing diver impacts on the marine environment (Barker and Roberts 2004; Medio et al. 1997; Townsend 2008) , and in the same way, education may be used to reduce diver impacts on shipwrecks. It can achieve higher levels of compliance with management strategies (Cottrell and Meisel 2004; Lindgren et al. 2008) . Divers are better able to appreciate and value a site when they understand more about its history and cultural heritage values and why it is important (Edney 2006; Jewell 2004; Scott-Ireton 2007) . Another benefit of education and site interpretation is that it can enhance enjoyment of the wreck diving experience (Jewell 2004; Pearson and Sullivan 1995) .
Awareness of consequences is important because it leads to more socially responsible behavior (Gramann et al. 1995) . Therefore, for education to be most effective in reducing diver impacts, it is essential that divers are given an understanding of their potential impacts on shipwrecks and ways these impacts can be avoided or minimized (Edney 2011a; Lindgren et al. 2008) . It is also important that divers understand the importance of underwater cultural heritage, the laws in place to protect it, and the implications to divers of these laws. Education can also help prevent non-compliance with rules due to ignorance (Smith and Anderson 2004) . Some key opportunities to educate divers are during diver training (Lindgren et al. 2008; Edney 2011a; Scott-Ireton 2008) , pre-dive briefings (Barker and Roberts 2008; Medio et al. 1997; Townsend 2003; Camp and Fraser 2012) , and through the provision of interpretive material, such as material produced for shipwreck or maritime trails or interpretation of particular sites (Jewell 2004; Philippou and Staniforth 2003; Scott-Ireton 2007) .
Diver training programs
Diver training programs present ideal opportunities to educate divers about the values and importance of underwater cultural heritage, the laws in place to protect it, potential diver impacts and measures to avoid or minimize these impacts, and in doing so, positively influence diver behavior (Edney 2011a) . Diver certification organizations determine the curricula for dive courses and can provide this information to divers, and can also ensure that divers are taught, and are competent in the practical skills required to avoid or minimize these impacts. This includes buoyancy control, correct fin kicking techniques and keeping a tidy profile (i.e. securing loose equipment) (Edney 2011a; Lindgren et al. 2008) . A recent review of wreck diver training programs from three major diver certification organizations found that while current wreck diver training programs incorporate to varying degrees information that supports the protection of shipwrecks and encourages appropriate diver behavior at these sites, more could be included to educate divers about the nature and causes of diver impacts and what divers can do to avoid or minimize these impacts (Edney 2011a ). Heritage managers can work with diver certification agencies and local dive schools to have appropriate information incorporated into diver training courses.
Appropriate pre-dive briefings
Pre-dive briefings provide the opportunity to deliver site specific information to divers (Johansen 2013) . Appropriate pre-dive briefings have been demonstrated to be effective in reducing diver impacts on the marine environment (Barker and Roberts 2004; Camp and Fraser 2012; Medio et al. 1997; Hammerton and Bucher 2015; Toyoshima and Nadaoka 2015; Krieger and Chadwick 2013) , and may achieve the same type of results in reducing impacts on underwater cultural heritage. A study in Australia found that briefings were effective in raising awareness of the Yongala's cultural heritage values and influencing diver attitudes particularly regarding the prohibition against penetrating the shipwreck (Jewell 2004). More attention could be given to encouraging appropriate behavior on shipwrecks in dive briefings, and heritage managers can assist by providing suitable information to dive operators for use in dive site briefings.
Influencing diver behavior -dive guides and instructors
Dive instructors and dive guides leading by example can be important in shaping diver behavior, because divers are known to copy the behavior of instructors and guides (Howard 1999; Lindgren et al. 2008) . Therefore, dive instructors and guides need to be educated to set a good example to divers by demonstrating appropriate behavior. They also need to be educated and encouraged to intervene and correct inappropriate behavior when they observe it occurring (Barker and Roberts 2004, 2008; Howard 1999) , because in-water intervention by dive leaders has been shown to be effective in reducing diver impacts (Barker and Roberts 2004; Lindgren et al. 2008; Hammerton and Bucher 2015) . In addition, dive instructors largely determine which sites training dives will be conducted at, and if educated about impacts, can avoid conducting training dives on historic or fragile sites.
While there is no legal requirement for dive guides to accompany divers at most historic shipwreck sites throughout the world, guides are commonly used by dive operators at wreck diving destinations, such as Palau, the Solomon Islands and Vanuatu, and their presence undoubtedly assists in managing diver impacts. Dive guides are popular because they can enhance diver experiences by taking divers to see the most interesting dive site features (Andy et al. 2014 ).
Codes of conduct
Voluntary codes of conduct can assist in promoting responsible behavior at shipwreck sites by clearly setting out appropriate behavior when visiting these sites. The Project AWARE 'Respect our wrecks' responsible diving guidelines (Project AWARE Foundation 2008) are a good example of a voluntary code of conduct that could be used more widely to promote appropriate behavior at shipwreck sites. Project AWARE's 'Respect our wrecks' campaign promotes the protection of shipwrecks, and in addition to the responsible diving guidelines, provides information that outlines the values and importance of the cultural heritage values of shipwrecks (Edney 2011a; Scott-Ireton 2005) .
Underwater interpretive trails and site interpretation
Interpretive trails are a widely used management measure. Underwater interpretive trails aim to attract divers to shipwreck sites, increase appreciation of the protection of their cultural heritage values, and to reduce the pressure on more fragile or significant sites by publicizing certain sites (Green 1995; Hosty 1987; Leshikar-Denton and Scott-Ireton 2007; McCarthy and Garratt 1998; Philippou and Staniforth 2003; Scott-Ireton 2005) . There are many examples of underwater trails from around the world, for example in Australia, the United Kingdom, and the United States (Historic England 2013; Philippou and Staniforth 2003; Scott-Ireton 2007) . A recent example of the use of an underwater interpretive trail to address diver impacts is at Saipan. An underwater interpretive trail was developed to assist in the protection of World War II underwater cultural heritage sites that had been subjected to damage from dive tourism. The products included waterproof underwater guides with site plans, and posters containing information about the cultural heritage values of the sites and conservation messages supporting their protection. These products have been very popular with dive and tourism operators (McKinnon 2011).
Similar to underwater interpretive trails, other types of site interpretation, such as booklets, posters, brochures, information sheets, guide books, interpretive underwater slates and webbased information are also effective and popular. They can be used to enhance divers understanding and appreciation of shipwreck sites, their enjoyment of the dive experience, and in doing so also positively influence diver behavior at shipwreck sites (Edney 2006; Jewell 2004) , as demonstrated by Jewell's (2004) study of divers visiting the Yongala in Australia.
Engagement and partnership programs
Engaging with and forging partnerships with the dive community are important components of underwater cultural heritage management strategies, as they can impart in divers a sense of stewardship towards sites (Delgado 1988a; Nutley 2007; Scott-Ireton 2007) . Throughout the world, the diving community has been responsible for locating, recording and protecting many shipwrecks (Hosty 2006; Kenderdine 1997; Nutley 1996) . In Australia, for example, there have been a number of engagement programs that have developed partnerships between government and the dive community. These programs have encouraged dive shops, clubs and individual divers to research, record and interpret shipwreck sites (Nutley 2007; McCarthy and Garratt 1998; Edney 2006) . The lack resources available for the management of underwater cultural heritage makes it very important for heritage managers to engage divers and garner support for the protection of underwater cultural heritage (Edney 2006) .
In addition, a number of shipwrecks visited by recreational divers are located in depths beyond those professional archaeologists are permitted to dive to due to health and safety requirements. Therefore, it is also important for heritage managers to engage with the technical diving community. Many technical divers have an interest in the history shipwrecks they are visiting and an appreciation of the need to protect the cultural heritage values of these sites. As such, there are a number of groups assisting heritage managers by actively locating, researching and recording these shipwreck sites and providing the information they have gathered to managers (Hosty 2006; Nutley 2007 ; T. Smith 2006) .
Maritime archaeology training for divers
There are courses in maritime archaeology available to divers, such as the Nautical Archaeology Society four part course in maritime archaeology in the United Kingdom (Nautical Archaeology Society 2013). This training is also licensed to organizations in other countries, such as Australia, Canada and the United States. These courses aim to give divers an understanding of, and practical experience in, the methods and procedures used in maritime archaeology, and to develop awareness of the need to protect shipwrecks. The courses are internationally recognized and successful completion of the courses allows divers to participate in projects and fieldwork around the world, and also to conduct their own projects (Australasian Institute of Maritime Archaeology 2013; Nautical Archaeology Society 2013). Many of the divers involved in partnership programs have completed these courses.
Artificial reef wrecks
In this discussion, the term artificial reef wrecks is used consistent with Edney & Spennemann (2014 , 2015 , i.e. vessels that have been sunk intentionally for recreation (e.g. diving, fishing or surfing) or other purposes (e.g. disposal, marine engineering or environmental restoration). The rise in popularity of wreck diving, and the recognition by local communities and governments of the potential economic benefits of sinking vessels to create new dive sites to attract tourists has seen numerous vessels scuttled as artificial reefs around the world (Edney 2012; Morgan et al. 2009; Stolk et al. 2007 ).
It has been suggested that artificial reef wrecks may be used to reduce diver impacts on historic shipwrecks, in the same way as they are used to reduce diver pressure on natural reefs Spennemann 2014, 2015; McCarthy and Garratt 1998) . A study of the attitudes and preferences of Australian wreck divers has shown that divers are supportive of the use of artificial reef wrecks to take the pressure off historic shipwrecks, which is encouraging. However, that same study found that while there was considerable support for this concept, most wreck divers are more interested in diving historic shipwrecks than artificial reef wrecks. Some of the key motivations for wreck diving were seeing historic shipwrecks and artifacts, aspirations not able to be met by most artificial reef wrecks. This study concluded that while artificial reef wrecks can be an important component of heritage management, they are not a panacea Spennemann 2014, 2015) .
Artificial reef wrecks could play an important role in managing diver impacts if they were used for training dives and by the more inexperienced divers, as this is where there is likely to be higher levels of impact from unintentional and intentional contacts with shipwrecks. Artificial reef wrecks may also be beneficial to heritage management if they are located appropriately, and can provide quality dive experiences that exceed, or are at least commensurate with, the quality of historic shipwrecks accessible to divers in the locality Edney & Spennemann (2014 , 2015 .
Sacrificial shipwrecks
Another similar strategy available to managers is to manage selected shipwrecks primarily as recreational resources to reduce pressure on more culturally significant shipwrecks or shipwrecks that cannot, for various reasons, be effectively managed (Edney 2006) . The use of sacrificial areas is a commonly adopted strategy used in terrestrial protected area management (Pickering and Buckley 2003; Cheung 2013) . It enables management resources to be targeted at protecting the more significant sites and provides recreation opportunities for visitors. Another advantage of having sacrificial shipwrecks and focusing impacts on a certain site is that it allows management resources to be used more effectively (McCool and Lime 2001) .
Rescue or salvage archaeology
Today, in-situ conservation of underwater cultural heritage is the preferred management approach (Green 2004; B. Jeffery 2004b) , and the UNESCO Convention on the Protection of the Underwater Cultural Heritage (2001) lists in-situ conservation as the first management option for underwater cultural heritage sites. Rescue or salvage archaeology is a management strategy used when the in-situ conservation of a shipwreck site is not possible or effective. It is an approach that was more commonly used in the past than it is today (Delgado 1988a) . Some examples of its use in Australia to protect historic shipwrecks include the Vergulde Draeck and the Batavia (Henderson 1986 ). In the United States one of the justifications given for ex-situ management of the Hunley was due to the threat of divers removing artifacts (Friends of the Hunley 2014).
Management framework Background
Adverse impacts on the marine environment resulting from recreational use are known to be greater when managers do not understand recreational user groups, and their preferences towards various management strategies that may be used to prevent or mitigate these impacts (Sorice et al. 2007) . Further, it is recognized that understanding the groups using heritage sites enables heritage managers to develop effective management strategies (Boyd et al. 1996; Boyd 2012) . Therefore, when considering options for managing diver impacts on underwater cultural heritage it is advantageous for managers to have some understanding of the divers who are visiting sites. Importantly, managers should understand and take into account diver motivations and their attitudes toward management controls.
When managers understand diver motivations it allows them to gain insights into the types of experiences divers are seeking, while understanding divers' attitudes to management controls can guide managers to the types of management actions which are likely to gain higher levels of voluntary compliance. This approach can help balance heritage protection aims and the provision of experiences which meet diver aspirations, and this is integral to the management framework presented in this paper, which applies information obtained from research undertaken to date on wreck divers, see (Edney 2006 (Edney , 2012 (Edney , 2011b (Edney , 2011a Spennemann 2014, 2015) . The effectiveness of the framework can be also enhanced when managers apply information specific to divers visiting the sites that they manage. Demographic data about the divers using the site, their level of experience and training, motivations and preferences regarding management options are valuable information for the manager. Edney's (2011b Edney's ( , 2012 studies of wreck divers found most wreck divers supported a range of management controls to protect shipwrecks, including invasive management controls, such as penalties and underwater guides. Edney & Spennemann (2014 , 2015 found that age and level of dive experience and training (i.e. specialization) were moderating factors, and older and more experienced divers showed much less support than did younger and less experienced divers. This research has shown that wreck divers are not a homogenous group. Therefore managers need to take into account differences between genders, age, dive experience, and level of dive certification when developing management strategies (Edney 2011b; Spennemann 2014, 2015) .
Findings from research into scuba divers visiting marine protected areas is consistent with this research into wreck divers. It has shown that the more highly specialized (i.e. experienced) divers are, the less supportive they are of management restrictions and in-water supervision by guides or divemasters (Sorice et al. 2009 ). Similarly, Todd et al.'s (2001) study of divers in the Great Lakes region of the United States also found the more highly specialized divers to be less supportive of invasive management controls. Scuba diving is a self-regulated activity, and behavioral ethics are largely communicated to divers during diver training courses, rather than through government regulations. This may be a factor in explaining why more highly specialized divers may oppose government regulations (Sorice et al. 2009) 
Framework principles
The framework includes only the types of management actions that may be applied to specific sites. It does not include the broader or more general strategies used to manage heritage sites, such as laws and the more general forms of education. While the broader and more general management strategies are not specifically included in the framework, they are essential to effective site management, and must underpin the framework.
There are a number of other principles that apply to the framework:  Any management strategy adopted for a site should be largely dependent on the level of cultural heritage significance of the site and the level and nature of diver impacts;  Management strategies should be tailored to and unique to each site;  Management strategies should ideally be based on empirical data rather than assumptions, personal opinions or beliefs, so that the management action selected targets actual behaviors that cause impacts; and  Management strategies should be developed in consultation with divers and dive operators. This is essential to the development of effective strategies, as it ensures more acceptance and ownership, and therefore voluntary compliance.
Framework description
The framework is a decision support tool that can be used by managers to assist them in selecting the management actions to apply to a site. It assists managers in deciding on a strategy that is fitting for a particular site by providing guidance about the types, or classes, of management actions that would be most appropriate and priorities. This may assist managers in prioritizing and focusing management resources to where they are most needed and where they may be most effective. In other words, it helps focus on the important rather than attempting to deal with every instance of diver impact at every site, which, due to the realities of resourcing levels, is neither possible nor achievable.
The main component of the framework is the matrix-based decision support tool shown at Table 3 . Management actions and priorities are guided by the level of cultural heritage significance of a site and the level of diver impacts occurring at the site. The matrix uses three categories of management actions, regulatory, education and other (other includes artificial reef wrecks, sacrificial shipwrecks and salvage or rescue archaeology). It recommends broad management types or classes, and priorities for each type, and the manager can then focus on developing site specific management actions that are most relevant and appropriate to the site given its broader context, including the nature of the diver impacts. The framework is shown diagrammatically at Figure 1 .
Sites with higher levels of cultural heritage significance and diver impacts place heavier reliance on more regulatory management actions, while there is more emphasis on nonregulatory management measures at sites with lower levels of cultural heritage significance and diver impacts. Therefore, as the cultural heritage value and diver impacts increase, more active management is applied and more resources are allocated to managing these sites. At sites with low levels of cultural heritage significance and/or diver impacts, managers may choose to take limited, or even no action. This helps ensure that management resources are targeted to the sites where they are most warranted and where the most gains for heritage conservation can be made.
While the framework has been developed for managing diver impacts on shipwrecks, it can equally be applied to any underwater cultural heritage site visited by divers, such as aircraft wrecks. The framework may be applied proactively or reactively, as it can base decisions on expected types and levels of diver impacts from similar sites and circumstances, as well as observed trends occurring at the site.
Discussion
There are a number of different approaches to the protection of underwater cultural heritage taken by the different nations throughout the world (Edney 2006; Smith 1999) . This variation may reflect the different values associated with sites, the attitudes of communities and governments involved in the protection of these sites, as well as the level of resources available for managing sites (Edney 2006; Jeffery 2004a Jeffery , 2004b . The framework presented in this paper can be used in any jurisdiction, as it is not prescriptive or reliant on any particular jurisdictional regime.
Regardless of location or jurisdiction, consultation is a key to the success of management strategies. Without consultation managers can implement strategies without understanding their effects on user groups. Consultation allows divers to have input into management and managers gain an opportunity to understand how different management approaches affect divers. When managers understand the effects management strategies have on divers they are in a better position to strike a balance between protecting the cultural heritage values of shipwrecks and allowing use that meets divers' needs or aspirations (Sorice et al. 2007 ).
Meaningful consultation and the receptiveness of management to input are essential to achieving high levels of voluntary compliance (Stern 2008) . Therefore, it is critical that strategies designed to manage diver impacts on underwater cultural heritage are developed in consultation with divers and the dive industry. Ideally this would be done collaboratively, particularly if managers are aiming to maximize voluntary compliance with their management strategies. Voluntary compliance relies on acceptance of rules and is best sought through negotiation, rather than imposing rules on user groups, and expecting them to comply (Smith and Anderson 2004) .
Aiming for voluntary compliance is important for three reasons. First, because shipwreck sites are often difficult to monitor due to their location and the logistics associated with monitoring (McKinnon 2015; Spennemann 2014, 2015) . Second, because high levels of voluntary compliance means management strategies will be more effective, and efficient because they will require less resources to implement. The third reason is about good recreation management. Freedom is a very important part of leisure and recreation and less invasive management at sites means higher quality recreation experiences for divers (Manning 1999; Sorice et al. 2009; Lucas 1983 ).
As noted earlier, voluntary compliance with rules is higher where management and the rules are perceived to be fair, necessary, reasonable, justifiable and legitimate (Read et al. 2011; Stern 2008; Smith and Anderson 2004) . Divers are much more likely to perceive this when they are involved in the development of the management strategy. If it is not possible to develop management strategies collaboratively with divers, managers should aim to make their consultation with divers meaningful and engaging, and it should occur early in the process. Preparing a draft management strategy and then asking user groups for comments is not an ideal way to consult with divers, as it will often be perceived to be the final product. The consultation process needs to be more iterative. A collaborative approach is more likely to result in ownership of the management strategy by divers and industry. It is more resource intensive during the planning stage of the process, but requires less management input once it is implemented, as it is more likely to gain higher levels of voluntary compliance.
Another important consideration when developing management strategies is the relative proportions of regulatory and non-regulatory approaches used. Managers should aim to use non-regulatory approaches as far as possible, or regulate to the minimum level required to solve the problem. This is because regulatory approaches restrict freedom of choice, and can reduce enjoyment of a recreation activity. Recreation should also be rewarding and enjoyable for divers, and managers should be mindful of this when devising management strategies. Nonregulatory approaches are preferred by recreationists, and also benefit managers because they are generally less costly than regulatory approaches (Lucas 1983; Sorice et al. 2009; Manning 1999; Lucas 1982 ).
This is not to say that managers should not adopt regulatory management approaches, as they will always be important. Laws are required to set a clear and robust framework for heritage management, and to prevent actions that may damage the cultural heritage values of sites. Laws are also necessary to deal with recalcitrant individuals or organizations. It is the degree to which such laws are applied that should be carefully considered. Regulatory approaches should only be used when necessary to deal with a problem from occurring, and if regulation is the best way to manage or prevent a problem (Lucas 1983 (Lucas , 1982 .
This framework to develop management strategies can also be used to demonstrate to divers the logic being applied to develop the management strategy for a site. It may help divers to understand why some sites require more stringent, and perhaps overt, management approaches than others, and the range of appropriate categories of management actions that could be applied to a given site. This can then be used in consultations to narrow down the range of options suitable to a particular site and to focus consultation on a smaller range of options. It is a transparent way of showing divers how the decisions were made.
Conclusion
The increased numbers of divers and growing in wreck diving presents heritage managers with a fundamental challenge, protecting underwater cultural heritage and while still allowing divers access to these sites. The management framework presented in this paper can help managers decide which sites to focus their resources on, and which ones may be less actively managed. Both are important considerations in a climate of increased visitation and limited resourcing for site management.
Effective management of sites means that their cultural heritage values are protected and divers are able to enjoy quality experiences when visiting sites. Protecting the cultural heritage values of sites benefits divers because it also protects the recreation values sites, providing better dive experiences now and into the future. It also benefits the dive and tourism industries and local communities who are financially reliant on these sites, with flow-on effects to local and regional economies.
